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a  b  s  t  r  a  c  t
There  are  currently  no  reports  on  the  isolation  and  molecular  examination  of  Toxoplasma
gondii from  bats.  Here,  we  report  the  isolation  and  genotypic  characterisation  of  two  T.
gondii isolates  from  bats.  A total  of  369 bats  from  different  municipalities  in  São  Paulo
state,  southeastern  Brazil,  were  captured  and  euthanised,  and  collected  tissues  (heart  and
pectoral  muscle)  were  processed  for each  bat  or in  pools  of two  or  three  bats  and  bioassayed
in mice  (a total  of 283 bioassays).  Eleven  PCR-RFLP  (polymerase  chain  reaction-restriction
fragment  length  polymorphism)  markers  were  used  to  genotype  positive  samples:  SAG1,
SAG2  (5′–3′SAG2  and  alt. SAG2),  SAG3,  BTUB,  GRA6,  L358, c22-8,  c29-2,  PK1, CS3 and Apico.
The  parasite  was  isolated  from  two bats  from  São  Paulo  city:  an  insectivorous  bat,  the
velvety  free-tailed  bat Molossus  molossus,  and  a hematophagous  bat,  the  common  vampire
bat Desmodus  rotundus.  Isolates  were  designated  TgBatBr1  and  TgBatBr2,  respectively.  The
genotype  of the  isolate  from  M.  molossus  (TgBatBr1)  has  been  previously  described  in  an
isolate from  a  capybara  from  São  Paulo  state,  and  the  genotype  from  the  D. rotundus  isolate
(TgBatBr2)  has  already  been  identiﬁed  in  isolates  from  cats, chickens,  capybaras,  sheep,  a
rodent  and  a  common  rabbit  from  different  Brazilian  states,  suggesting  that  this  may  be a
common  T. gondii  lineage  circulating  in  some  Brazilian  regions.  Isolation  of T. gondii from  a
hematophagous  species  is striking.  This study  reveals  that  bats  can  share  the  same  isolates
that are  found  in domesticated  and  wild  terrestrial  animals.  This  is the  ﬁrst report of  the
isolation  and  genotyping  of T. gondii  in chiropterans.. Introduction
Brazil is considered to be the country with the greatest
iodiversity on the planet, containing the highest num-
ers of both terrestrial vertebrates and invertebrates in
he world (Lambertini, 2000). Bats are widely distributed
n Brazil. These mammals belong to the Order Chi-
optera, Suborders Megachiroptera and Microchiroptera.
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Only microchiropteran bats occur in Brazil. Bats are the
only mammals that have evolved true ﬂight. Chiropter-
ans are one of the most distinct mammals in existence and
play an important role in nature by spreading seeds, polli-
nating ﬂowers and controlling the insect population (Reis
et al., 2007). The majority of species are insectivorous and
form the largest colonies of bats on the planet, often with
thousands of individuals (Graham, 1994).
Open access under the Elsevier OA license.The increased numbers of bats in urban areas worldwide
are related to the destruction of their natural environment
by humans. There are various predators of bats, and some
bats eat other bats; however, bats are not cannibals, as they
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prey only on bat species other than their own (Fenton,
1992). Bats also serve as a food source for some African
populations and some indigenous tribes in Brazil (Setz and
Sazima, 1987; Setz, 1991).
Bats are important to public health because of the dif-
ferent habitats in which they live, their high mobility, and
their possible interactions with man. Bats are involved in
the epidemiology of important zoonoses such as rabies
and histoplasmosis. Little is known about the role of these
mammals in toxoplasmosis.
Toxoplasmosis is a zoonotic disease caused by the
protozoan Toxoplasma gondii,  which is distributed world-
wide. Moreover, a large percentage of the human and
domestic and wild animal population is infected by T.
gondii (Dubey et al., 1998; Kawazoe, 2000). Infections
occur by the ingestion of oocysts present in the envi-
ronment, by the consumption of bradyzoites present in
tissue of infected intermediate hosts and by the transpla-
cental transmission of tachyzoites (Dubey and Beattie,
1988).
T. gondii isolates from Europe and North America have
been classiﬁed into three closely related clonal types: I,
II and III (Howe and Sibley, 1995; Dardé et al., 1992;
Ajzenberg et al., 2002a,b, 2004). A fourth clonal lineage
(type 12) has recently been described in North America and
is commonly found in wildlife (Khan et al., 2011). However,
previous studies of samples from South America and other
regions of the world have found other genotypes that differ
from the clonal types mentioned above. It is suggested that
recombination plays an important role in strain diversiﬁ-
cation in South America (Pena et al., 2008).
Due to few reports on the role of bats in the epidemio-
logical chain of toxoplasmosis, we report the isolation and
genotyping of T. gondii from bats from the metropolitan
area of São Paulo city, Brazil.
2. Materials and methods
From March 2010 to March 2011, 369 living or dead
refrigerated bats from different municipalities (Guarulhos,
Jundiaí, Pirituba, São Caetano do Sul, São Mateus, São Paulo)
in São Paulo state, southeastern Brazil were brought to São
Paulo Zoonosis Control Centre (CCZ-SP) as part of a pas-
sive surveillance system for rabies. Euthanasia of the living
bats was performed in a CO2 chamber. For this study, heart
and pectoral muscle homogenates were bioassayed in mice
(Dubey, 1998). Each bioassay was conducted for only one
bat or as a pool of two or three bats, for a total of 283
bioassays. Brieﬂy, the tissues of bats were homogenised
in a mortar/pestle in ﬁve volumes (w/v) of aqueous 0.85%
NaCl (saline). This tissue homogenate was mixed with ﬁve
volumes of acidic pepsin, the mixture was incubated for
1 h at 37 ◦C, centrifuged, neutralised with sodium bicar-
bonate, and mixed with antibiotics. Subsequently, 1 mL  of
the homogenate was subcutaneously inoculated into each
of three Swiss albino female mice from the colony of Fac-
uldade de Medicina Veterinária e Zootecnia, Universidade
de São Paulo, SP, Brazil. Before adding the acidic pepsin,
one aliquot of 1 mL  of homogenate tissue (primary sam-
ple) from each bat or pool was stored at −70 ◦C until the
extraction of genomic DNA. Brains from the bats were nottology 193 (2013) 100– 104 101
available for bioassay, but they were used later for molec-
ular study.
The inoculated mice were examined for T. gondii infec-
tion as previously described (Dubey and Beattie, 1988).
Impression smears of the lung and cerebrum samples
of mice that died were examined microscopically for T.
gondii organisms. The survivors were bled six weeks post-
inoculation (p.i.), and serum from each mouse was  tested
for antibodies to T. gondii (≥1:25) using the modiﬁed agglu-
tination test (MAT). All survivors were euthanised (T61®
Intervet) two  months p.i., and their brains were microscop-
ically examined for tissue cysts. T. gondii was considered to
be isolated when stages of the parasite (tachyzoites and/or
cysts) were found in mouse tissues.
For molecular studies, DNA was  extracted from tissues
of the T. gondii-positive mice (lungs and brain from isolates)
and from tissues of the corresponding bats (homogenates
and brain) using the Wizard® DNA Clean-Up System (cat.
A7280 – Promega) according to the manufacturer’s instruc-
tions. Brieﬂy, 250 L of homogenate tissues was  washed
in Tris–EDTA (TE) buffer and digested by overnight incu-
bation at 37 ◦C in lysis buffer (20 mM Tris–HCl, pH 8.0;
100 mM  EDTA, pH 8.0; 1% SDS; 20 mg/mL proteinase K).
DNA was  extracted via columns under vacuum and stored
at −20 ◦C until use. A negative control for DNA extraction
was included for each group of ﬁve samples. The tem-
plates from isolates were diluted (1:10), and the templates
from primary samples (homogenates from bats) were not
diluted prior to ampliﬁcation.
To identify the infected bat from the positive pools,
nested PCR of DNA extracted from the individual brains
was performed using a 155-bp fragment of the T. gondii
B1 gene (Burg et al., 1989; Yai et al., 2003). The genotypes
of T. gondii were determined by PCR-RFLP (polymerase
chain reaction-restriction fragment length polymorphism)
using 11 markers as previously described: SAG1, SAG2
(5′–3′SAG2 and alt.SAG2), SAG3, BTUB, GRA6, c22-8, c29-
2, L358, PK1, Apico (Su et al., 2006; Dubey et al., 2007)
and CS3 (Pena et al., 2008). Six T. gondii reference strains
were included: RH88 (human, USA), as an isolate of
the type I lineage; PTG (sheep, USA), as an isolate of
the type II lineage; CTG (cat, USA), as an isolate of
the type III lineage; and MAS  (human, France), TgCgCa1
(cougar, Canada) and TgCatBr5 (cat, Brazil), as atypi-
cal isolates (Su et al., 2006). Ultrapure water and HFF
(human foreskin ﬁbroblast cells) were included as negative
controls.
Ethical considerations.  The Scientiﬁc Committee of the
University of São Paulo authorised all of the procedures
performed in this study.
3. Results
T. gondii was  isolated from the pooled tissues of two
bats (Glossophaga soricina-1A and Molossus molossus-1B)
and the pooled tissues of three bats (Desmodus rotundus-2A,
2B and 2C). All bats were captured in São Paulo city, south-
eastern Brazil. T. gondii was also molecularly detected in
aliquots of pectoral muscle and heart homogenates before
peptic digestion (PD1 and PD2) from both positive pooled
samples. Nested PCR of extracted DNA from individual bat
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rains revealed that the infected animals from those pools
ere M.  molossus (1B) and D. rotundus (2B).
The isolate that was  identiﬁed as being from an adult
ale insectivorous bat, the velvety free-tailed bat M.  molos-
us, was designated as TgBatBr1, and the other isolate, from
n adult male hematophagous bat, the common vampire
at D. rotundus, was designated as TgBatBr2. Both isolates
illed all infected mice. Mice infected with the TgBatBr1
solate died at 17, 17 and 20 days p.i., and mice infected
ith TgBatBr2 died at 13, 16 and 16 days p.i. These bats
ere captured in the Vila Matilde and Perus districts of São
aulo city, respectively.
The genotypes of the isolated T. gondii strains can be
bserved in Table 1. Both genotypes are atypical and have
lready been described. At ToxoDB.org, the TgBatBr1 isolate
orresponds to RFLP-Genotype #162, and the TgBatBr2 iso-
ate corresponds to RFLP-Genotype #19. These genotypes
iffer at only one locus (PK1). The atypical genotype #162
as a combination of three alleles (I, II and III), and the atyp-
cal genotype #19 has a combination of four alleles (I, II, III
nd u-1). Genotype #19 has a unique allele (u-1) at marker
K1.
. Discussion
Few studies have been performed on toxoplasmosis in
ats. As far as we know, this is the ﬁrst isolation and geno-
yping of T. gondii from bats ever reported.
T. gondii was isolated from two insectivorous bats (Noc-
alus noctula and Vespertilio serotinus) from Kazakhstan in
965 (Beyer and Shevkunova, 1986). Dodd et al. (2010)
nvestigated the infection prevalence of T. gondii in British
nsectivorous bats from a collection of Pipistrellus pipistrel-
us. The molecular prevalence of infection was determined
o be 13.4% by PCR ampliﬁcation of the SAG1 gene.
Recently, Sangster et al. (2012) reported the ﬁrst case
f disease caused by T. gondii in megachiropteran bats.
. gondii was detected in the brain and lungs of Pteropus
onspicillatus (frugivorous bats) and the lungs of Pteropus
capulatus (frugivorous bats) by immunohistochemistry.
The only report of T. gondii isolation from bats from
razil was by Schmidt et al. (1969),  who analysed 59
mnivorous bats (Phyllostomus hastatus hastatus) from
obradinho, Brasília, DF, and isolated the parasite from four
ats by bioassay in mice. In the present paper, T. gondii
as isolated from two  bats from Brazil, M.  molossus and
. rotundus, 43 years after that report.
M.  molossus is an insectivorous bat and can eat up
o double its own weight in insects in a single night
Romano et al., 1999). The insectivorous diet of M.  molos-
us is of interest to the diagnosis of toxoplasmosis because
ertain insects have been shown to act as mechanical trans-
ort hosts of T. gondii oocysts (Saitoh and Itagaki, 1990;
hinchilla et al., 1994; Graczyk et al., 2005). This bat group
ay  also ingest oocysts from contaminated water because
nsectivorous bats require 20–25% of their daily water
ntake as drinking water (Kurta et al., 1990).In shelters inhabited by hematophagous bats, collec-
ive physical contact is common when the individuals lick
hemselves for hygienic reasons. This behaviour occurs pri-
arily among females, stimulating the regurgitation of Ta
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food (Sodré et al., 2010). D. rotundus approaches its prey
by resting directly on the body of the prey animal or on the
ground close to the animal, and this species needs to jump
from the ground to initiate ﬂight (Uieda, 1996). Because
of this behaviour, D. rotundus often has contact with the
soil, where infectious oocysts can be found. D. rotundus is a
haematophagous species and have no contact with brady-
zoites present in cysts; thus, theoretically, infection could
also be possible by ingesting the blood of an animal at an
acute stage of the disease when the blood contains circu-
lating tachyzoites, but this would be a rare event because
toxoplasmosis is primarily a chronic disease.
T. gondii isolates are highly diverse in domestic ani-
mals in Brazil; however, little is known about the
genetics of this parasite in wild mammals in the same
region. Yai et al. (2009) identiﬁed seven new atypical
genotypes among 36 T. gondii isolates from capybaras
(Hydrochaeris hydrochaeris) in São Paulo state, Brazil. Pena
et al. (2011) analysed three wild animals and described
two new atypical genotypes in isolates from a jaguarundi
(Puma yagouaroundi)  and a black-eared opossum (Didelphis
aurita). These studies suggest that the parasite population
is likely also highly diverse in wild animals in this region.
The PCR-RFLP genotype of the TgBatBr1 isolate (M.
molossus) has already been described in an isolate from a
capybara from São Paulo state (Yai et al., 2009), but from
another municipality than was studied here. In the previ-
ous study, all infected mice died (14–19 days p.i.), as was
observed in the present study (17–20 days p.i.).
The PCR-RFLP genotype of the TgBatBr2 isolate (D.
rotundus) has also been reported in isolates from differ-
ent hosts from different municipalities: cats from Paraná
state (Su et al., 2006; Dubey et al., 2004) and São Paulo
state (Pena et al., 2008); one sheep from São Paulo state
(Da Silva et al., 2011); capybaras from São Paulo state (Yai
et al., 2009); and a common rabbit (Oryctolagus cuniculus)
from Minas Gerais state (Dubey et al., 2011). In all previous
studies, this genotype exhibits 100% mortality in infected
mice.
The genotype of the T. gondii strain from D. rotundus has
also been reported in two chickens from Mato Grosso do
Sul, but these isolates exhibited 40% and 0% mortality in
mice (Soares et al., 2011). Other studies also described this
genotype but contained no data on its mortality in mice:
isolates from chickens from Rio de Janeiro (Dubey et al.,
2008) and from a rodent (Mus  musculus) from Paraná state
(Araújo et al., 2010). All these data suggest that this may
be a common lineage circulating in some Brazilian regions.
At the present time, ToxoDB PCR-RFLP genotype #19 is the
fourth most frequently described genotype in Brazil, with
17 isolates, behind the Brazilian clonal lineages Type BrI (40
isolates), Type BrIII (23 isolates) and Type BrII (20 isolates)
(Dubey et al., 2012).
Alleles I and II at marker CS3 have been associated with
mortality in infected mice (Pena et al., 2008; Yai et al.,
2009; Ragozo et al., 2010). However, this association could
not be conﬁrmed in this study due to the small sample
size.
In conclusion, this study reveals that bats can share the
same T. gondii genotypes of isolates from domesticated and
wild terrestrial animals.tology 193 (2013) 100– 104 103
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